Estrogens are a class of chemicals defined more by their biological function than their structure. The early definition of an estrogen was a chemical which induced vaginal estrus in animals Since then numerous other target sites and activities have been described (reviewed in (])). Estrogens are now customarily associated with proliferation and differentiation of female genital organs and breast. The representative compound in this series is a natural steroid hormone secreted by the ovary, estradiol-170; its structure is given in Fig. 1 estrone, also share a similar fused steroid ring structure, but have differing aliphatic oxidative functions. These compounds also share similar biological effects although they may differ in potency, administration of each of these ovarian steroid hormones under appropriate conditions to gonadectomized animals results to some degree in proliferative-differentiative changes in the animal's vagina, cervix, uterus, oviduct, and mammary glands.
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It has been known for over 50 years that these structurally similar steroidal hormones, each containing a phenolic ring, had similar biological activities. In 1938, Dodds and colleagues (2) reported the synthesis of a nonsteroidal compound, diethylstilbestrol (DES), which shared all of the biological effects of the steroidal estrogens, but belonged to a different structural class. These stilbene type estrogens (DES, hexestrol, dienestrol; represented in Fig.  1 by DES) possessed a phenolic hydroxyl sim- ilar to the steroidal estrogens, but did not have the fused ring steroid nucleus. This represented a remarkable confluence of biological activity in two apparently structurally distinct compounds. However, recent x-ray crystallographic analysis (3) has shown that much, but not all, of the molecular structures of estradiol and DES are superimposable, a conclusion perhaps intuitively obvious from examination of the two structures shown in Fig. 1 .
The expression of hormonal activity by chemical structures other than those having a steroid nucleus is apparently unique to estrogens; compounds with androgenic, progestational, or glucocorticoidal activity all share the steroid nucleus and their respective hormonal activities comprise relatively limited structural modifications of the parent compound (4). On the other hand, estrogenic activity is associated with many diverse chemical structures as illustrated in Fig. 1 . Structural similarities to estradiol can be seen with the plant estrogen, coumestrol, or the hydroxylated analog of the polycyclic aromatic hydrocarbon, dimethylbenz[a]anthracene (DMBA). Each compound possesses a phenolic ring structure and, as with DES, a second hydroxyl group with spacial orientation somewhat similar to estradiol. However, the other five environmental chemicals shown in Fig. 1 have little structural similarity to estradiol although all exert some degree of estrogenic activity. Attempts have been made by x-ray crystallography to elucidate a superimposable structure for o,/>DDT, zearalenone, and kepone with estradiol but common structural features remain elusive (5) . Thus, among hormonal activity of steroids, estrogenicity seems to be the most chemically catholic.
ACTION OF ENVIRONMENTAL ESTROGENS
The mechanisms for induction of estrogenic effects by environmental agents are almost as diverse as the chemical structures associated with them. For example, DES is similar to estradiol in terms of interaction with the estrogen receptor and effects on estrogen target tissues. Therefore, some environmental chemicals can function as active estrogens. On the other hand, compounds such as cou-mestrol, o.p-DDT, zearalenone, and kepone are very weak estrogens; their receptor binding and biological effects are two to three orders of magnitude less than estradiol. In fact, when kepone and estradiol were compared in the quail (5) or rat (6) they were very similar in their biological actions except that kepone was 1000 times less active than estradiol.
Such low receptor binding or uterotropic activity would suggest that weak environmental estrogens might be without physiological consequence. However, compounds with long biological half-lives such as chlorinated hydrocarbons may be expected to persist and accumulate in the body of individuals exposed to them for extended periods. Thus, rats fed kepone for 10 weeks exhibited no noticeable signs of estrogenization during the first month of treatment (6) . However by the 7th week the animals were in persistent estrus and, when killed at 10 weeks of treatment, their uteri appeared greatly stimulated as with an estrogen.
Some environmental chemicals may exert an estrogenic effect but not be estrogen agonists themselves. That appears to be the case with tetrahydrocannabinol (THC), the principle psychoactive component of marijuana. THC has been associated with apparent estrogenic effects such as gynecomastia or disrupted menstrual cycles (7). Early reports suggested that THC was an agonist for the estrogen receptor (5) , but further studies have demonstrated that THC is not an estrogen in the sense of uterine stimulation or estrogen receptor binding (9) . Its activity apparently resides in neural centers and is unrelated to estrogen-receptor-mediated actions in the established sense. Similarly, rats treated neonatally with phenobarbital (70) subsequently exhibit estrous cycle disruptions, subfertility, and elevated uterine progesterone receptor levels which are effects normally seen following neonatal treatment of rats with potent estrogens such as estradiol or DES. This suggests that phenobarbital may function as an estrogen during the neonatal period. However, in experiments with mice, phenobarbital was devoid of uterotropic activity or significant estrogen receptor binding affinity (Eisenhower et al., in preparation).
INFLUENCE OF METABOLISM ON ENVIRONMENTAL ESTROGENS
The mechanisms of environmental estrogen action are further complicated by the influences of metabolism: in some cases weakly estrogenic compounds (proestrogens) are converted to more active estrogens; in other cases, potent estrogens are inactivated; and in either case, metabolism may result in chemically reactive intermediates which may yield unexpected toxicities. The polycyclic aromatic hydrocarbon, DMBA, can serve as a model proestrogen. The 3,9-dihydroxy form of DMBA is some 50 times more estrogenic than the parent compound (77). The enhanced activity of this synthetic analog of DMBA suggests that hydroxylation of some compounds in vivo may increase their hormonal activity. Such is the case of the triphenylethylene antiestrogen, tamoxiphen. The monohydroxy metabolite of tamoxiphen has a greatly enhanced affinity for the estrogen receptor compared to its parent compound (12) . Reduction of the keto group in zearalenone (Fig. 1 ) yields zearanoL, a major metabolite of this mycotoxin in food producing animals; the alcohol is more estrogenic than the corresponding ketone (13) . Since DDE, the ubiquitous metabolite of DDT found in human fat and milk, is metabolically hydroxylated (74), this may be the minor metabolic form of o.p-DDT which contributes to its estrogenic action in vivo. Studies on receptor binding and biological activity of DDE and its hydroxylated derivatives are currently underway in our laboratory. Thus, environmental chemicals may not themselves be estrogenic as determined by estrogen receptor binding; however, following metabolic modification they may become more potent hormones in vivo.
Conversely, metabolism may inactivate some environmental estrogens. For example, z,z-dienestrol, a major oxidative metabolite of DES in all species studied, including humans, is 500 times less estrogenic than the parent compound (15) . Moreover, the process of metabolism of environmental estrogens may generate reactive intermediates. One of the most studied pathways is the metabolism of DES to dienestrol via peroxidase (16) (17) . These reactive intermediates may have toxicologjcal importance since DES is shown to neoplastically transform cells in culture (18) in which this metabolic pathway can be demonstrated (19) . If metabolic activation does play a role in the toxicities of environmental estrogens, then the levels of these compounds required for some long term biological effect may be much lower than previously thought Since immature animals or humans are apparently more sensitive to the tumorigenic and dysmorphogenic effects of a potent estrogen like DES (20) , the population of fetal or newborn individuals may be those most compromised by environmental exposures to estrogenic xenobiotics.
DISTRIBUTION OF ESTROGENS IN THE ENVIRONMENT
Exposures to environmental estrogens may take a variety of routes. There are many naturally occurring estrogenic substances in plants (21) . In some cases the levels of these phytoestrogens are high enough to exert toxicologic effects in species directly ingesting them; a well-known example is hyperestrogenization and subsequent infertility in sheep grazing on clover rich in the phytoestrogens coumestrol or genistein (21) . In addition to naturally occurring plant estrogens, some fungi produce estrogenic mycotoxins. The best studied of these is zearalenone, the product of the Fusarium fungus that infests stored corn in all parts of the world (22) . The "moldy corn syndrome" observed in pigs fed corn contaminated with Fusarium results in estrogenic markers in female pigs including vaginal prolapse and infertility. The estrogenic potency of other mycotoxins is still relatively unexplored.
Another source of estrogens in the environment arise from synthetic processes. In some cases, an environmental estrogen is made and used as a hormone. DES had been used as a growth promoting substance in cattle for some 20 years. The amount of DES used for this purpose varied; in 1977, it was estimated that 29,200 kg of DES was used in the cattle industry (23) . Model ecosystem studies with DES suggest that this environmental estrogen may persist and bioaccumulate in areas associated with feed lots (24) . Of special interest for this paper are those environmental agents which are products synthesized for nonhormonal purposes but which have estrogenic activity. These widely disseminated environmental contaminants include kepone and DDT among others. For example, o,p-DDT, an isomer of DDT which accounts for 15-20% of the commercial mixture of this formerly ubiquitous (estimated cumulative 200 million pounds used) pesticide, is weakly estrogenic. DDE, a metabolite of DDT, is commonly found in the body fat of humans and has been reported in human milk. Thus, the environmental load of strong and weak estrogenic materials may be significant The influence of this category of environmental agents on human health is as yet unclear.
In recent reports of increases in incidence and severity of precocious breast development (premature thelarche) in young girls in Puerto Rico, the possibility of their exposure to estrogenic environmental agents was raised (25) . Similarly, an outbreak of breast enlargement in children attending a school in Milan, Italy was attributed to meat and poultry contaminated with estrogenic chemicals (26) . Such exposures are obviously difficult to document; but, given the fact that immature individuals are more susceptible to the biological effects of estrogens, these results would not be unexpected. The special sensitivity of the developing mammary gland to estrogens and the subsequent long term modifications of that organ are well known (27) . Thus, this functional class of chemical, some naturally occurring in, and some added to, our environment, poses an important problem for scientists. The question raised many years ago by Sir Charles Dodds concerning the structural diversity of estrogenic chemicals remains unanswered. However, the current environmental implications of the question require us to seek its solution.
